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Description 

This invention is related to the field of chromium catalyst compositions. This invention is also related to the fields 
of polymerizing ethylene, or copolymerizing ethylene and a comonomer, with a chromium catalyst composition: 

The high molecular weight-high density ethylene polymerfilm market, in the U.S., is dominated by multicomponent 
ethylene polymers (colloquially referred to as •bimpdal' or 'multimodal" polymers) that are produced by mixtures of 
-titaniunvhalide^talystSr^Fhese multicomponent ethylene polymers offer good impact resistance and thus; gootfdown 
gauging capability, along with a high modulus. The advent of these multicomponent ethylene polymers has opened up 
markets previously covered by other materials such as paper, thicker gauge ethylene polymers, and lower density 
ethylene polymers. However, these multicomponent ethylene polymers are produced commercially using cascade 
reactor systems in which two reactors are linked in series so that a two stage polymerization can take plane with 
different polymerization conditions in each reactor. This is a more expensive production method than a single stage 
reactor system. 

WO-A-9 21 7. 51 1 discloses a chromium catalyst composition which comprises a first and second silica-supported 
chromium catalyst component wherein at least one of said catalyst components contains an additional element, La, 
titanium, which is deposited on the support. This support is different to a support which comprises silica and titan ia 

SUMMARY OF THE INVENTION 

• In order to compete with these multicomponent ethylene polymers it is important for a resin to have good impact 
strength, tear resistance in the transverse direction, appearance, and processing behavior. To date, chromium catalysts 
have not been competitive in the high molecular weight-high density ethylene polymer film market For example, one 
chromium catalyst may produce a resin that has good film properties, but poor bubble stability at high production rates 
and thin gauges. On the other hand, another chromium catalyst may produce a resin that has a good bubble stability 
at high production rates and thin gauges, but poor film properties. However, making a chromium catalyst that produces 
an high molecular weight-high density ethylene polymer film resin that has good film properties and good bubble stability 
at high production rates and thin gauges has, until this invention, not been accomplished. 
It is an object of this invention to provide chromium catalyst compositions. 

It is another object of this invention to provide chromium catalyst compositions that are useful for polymerizing 
ethylene or copolymerizing ethylene with a comonomers. 

It is yet another object of this invention to provide chromium catalyst compositions that are useful for polymerizing 
ethylene or copolymerizing ethylene with a comonomer, thereby producing a high molecular weight-high density eth- 
ylene polymer that Is useful for making a film that has good film properties and that can be processed at high production 
rates and thin gauges. 

In accordance with one embodiment of this invention a chromium catalyst composition is provided as defined in 
claim 1 . This chromium catalyst composition comprises at least two chromium catalyst systems: 

(a) One of these chromium catalyst systems comprises chromium and a support The amount of chromium in this 
catalyst system is from 0.5 to 1 weight percent based on the total weight of said catalyst system. The support 
comprises silica and titan ia The support has a pore volume from 2 to 3 cubic centimeters per gram and a surface 
area from 400 to 600 square meters per gram. 

(b) Another one of these chromium catalyst systems also comprises chromium and a support The amount of 
chromium in this catalyst system is from 1 to 1 .5 weight percent based on the total weight of said catalyst system, 
the support also comprises silica and titania The support has a pore volume from 0.7 to 1.4 cubic centimeters 
per gram, and a surface area from 300 to 400 square meters per grant 

In accordance with another embodiment of this invention the above embodiment of the invention can be contacted 
with ethylene or with ethylene and another comonomer, under polymerization conditions, as defined in claim 4 to 
produce a homopofymer or a copolymer. 

The invention as disclosed in this application can be suitably practiced in the absence of any steps, components, 
compounds, or ingredients not disclosed herein. 

DETAILED DESCRIPTION OF THE INVENTION „ 

In general, the chromium catalyst compositions used in this invention comprise at least two chromium catalyst 
systems. These chromium catalyst systems comprise a chromium component and a support component The support 
component comprises silica and titania The term 'support' is not meant to be construed as an inert component 
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The Chromium Catalyst System that has a Hioh Pore Volume Support 

The amount of chromium in this chromium cataiyst system is from 0.5 weight percent to 1 weight percent based 
on the total weight of the catalyst system (hereafter "Catalyst System XX"). If substantially less than 0.5 weight percent 
s of chromium is used, the catalyst system will have an undesirably low activity. If substantially more than 1 weight 
percent is used, the catalyst system will produce a resin that will have an undesirable amount of long chain branching. 
&r=r-^~^resin with an undesirable amount of long-chain braT^ing/would-be less^desirable^ 

lower film properties such as tear resistance in the transverse direction. Additionally* having a substantially higher 
amount of chromium in the catalyst system could impart an undesired color to the resin. 
10 The support comprises silica and titania The anrxnmt of titania is fr^ 

on the total weight of the support If substantially less than 2 weight percent of titanium is used, the molecular weight 
distribution of a resulting resin will be too narrow. If substantially more than 10 weight percent is used, the catalyst 
system will have an undesirably low activity. The amount of silica is from 80 to 98 weight percent based on the total 
weight of the support Other components can be present in the support, provided that they do not adversely affect the 
is properties of the support or adversely affect the properties of the resins produced 

The support has a pore volume from 2 cubic centimeters per gram to 3 centimeters per gram. If the pore volume 
is substantially less than 2 cubic centimeters per gram, the melt index of a resulting resin win be undesirably low If the 
pore volume is substantially more than 3 cubic centimeters per gram the catalyst system will be too soft to handle. 
The support has a surface area from 400 square meters per gram to 600 square meters per gram. If the surface 
20 area is substantially less than 400 square meters per gram, the catalyst will have an undesirably low polymerization 
activity and the amount of long chain branching in a resulting resin will be undesirably increased. If the surface area 
is more than 600 square meters per gram, the catalyst will substantially lose its melt index potential and the catalyst 
will have an undesirably low polymerization activity. 

These catalyst systems can be produced in accordance with the procedures disclosed in U.S. Patents 3,887,494; 
25 3,900,457; and 4,119,569. 

The Chromium Catalyst System that has a Low Pore Volume Support 

The amount of chromium in this catalyst system is from 1 weight percent to 1 .5 weight percent based on the total 

30 weight of the catalyst system (hereafter "Catalyst YY"). If substantially less than 1 weight percent of chromium is used, 
the amount of long chain branching desired in the resulting resin will not be achieved and when the resin is blown into 
a film, the bubble will be less stable. If substantially more than 1.5 weight percent is used, the resulting resin could 
have an undesirable color Imparted to it 

The support comprises silica and titania The amount of titania is from 2 weight percent to 10 weight percent based 

3£ on the total weight of the support If substantially less than 2 weight percent of titanium is used, the molecular weight 
distribution of a resulting resin will be too narrow. If substantially more than 10 weight percent is used, the catalyst 
system will have an undesirably low activity. The amount of silica is from 80 to 98 weight percent based on the total 
weight of the support Other components can be present in the support, provided that they do not adversely affect the 
properties of the support or adversely affect the properties of the resins produced. 

-40 The support has a pore volume from 0.7 cubic centimeters per gram to 1.4 centimeters per gram. If the pore^vdume 

is substantially less than 0.7 cubic centimeters per gram, the catalyst system will have an undesirably low activity. If 
the pore volume is substantially more than 1 A cubic centimeters per gram the bulk density of the catalyst will decrease 
undesirably and the amount of long chain branching in the resulting resin will decrease undesirably. It is preferable if 
the pore volume is from 0.8 to 1 .2 cubic centimeters per gram for best control of long chain branching and film properties. 

45 The support has a surface area from 300 square meters per gram to 400 square meters per gram. If the surface 
area Is substantially less than 300 square meters per gram, the catalyst win have an undesirably low activity. If the 
surface area is more than 400 square meters per gram, the resulting resin will have an undesirably low film process- 
ability. 

These catalyst systems can be produced in accordance with the procedures disclosed in U.S. Patent 4,981 ,831 . 
£0 It is preferred if the amount of titania in each support is substantially the same. If the amount of titania is not 
substantially the same, the molecular weight distributions of each of the resulting polymers will be undesirably different 
The surface area and pore volume of the supports can be determined by nitrogen sorption by a person with ordinary 
stall in the art For exampje, ; the following references can be used "Adsorption, Surface Area and Porosity" by SJ. 
Gregg and K.S.W. Sing, Academic Press, London (1982); and "Introduction to Powder Surface Area" by S. Lowell, J. 
55 Wiley a Sons, New York, NY (1 979). Additionally, a "Quantachrome Autosorb-6 Nitrogen Pore Size Distribution Instru- 
ment" can be used to help determine surface areas and pore volumes of the supports. This instrument (or simitar 
instrument) is available from the Quantachrome Corporation, Sysset, New York. 

Once the chromium catalyst systems are made they can be combined in any manner known in the art For example, 
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they can be dry blended together in a mixer or added to a feed stream that leads to a reactot The weight ratio of 
Catalyst XX to Catalyst YY can vary from 99:1 to 1:99 depending on the properties desired in the resin. In general, 
using more of Catalyst XX produces a resin that has better film properties, whereas, using more of Catalyst YY produces 
a resin that has a better bubble stability during film production. It is preferred if the weight ratio of Catalyst XX to Catalyst 

s YY is from 6:1 to 1:1; more preferably it is 5:1 to 2:1 in order to promotetheproducticriof resins with good film properties 
and good film processabilfty. 

It should be noted that after tfie-catalysh^tems^Effe^combinecNhey ean be^etivated4©§ether at the same tem- 
perature. They can also be separately activated and then combined. However, if they are separately activated the 
temperature at which each activation takes place should not be substantially different, othew 

10 distributions of each c* the resufflng polymerc will be u^ 

The chromium catalyst compositions used in this invention can be used to homopolymerize ethylene or to copol- 
ymerize ethylene with another comonomer. Suitable comonomers are those olefins having from 3 to 20 carbon atoms. 
It is preferable if these olefins are 1 -olefins. Suitable examples of these olefins include propylene, 1 -butene, 3-methyl- 
1-butene, 1-pentene, 3-methyM-pentene, 4-methyl-1-pentene, 1-hexene, 3-ethyl-1 -hexene, 1-octene, 1-decene, and 

is mixtures thereof. 

Various polymerization schemes are known in the art For example, U.S. Patents 2,625,721 ; 3,152,672; 3,1 72,737; 
3,203,766; 3,225,023; 3,226,205; 3.242.150; 3,248,179; and 4,121,029 disclose several polymerization schemes. A 
particularly preferred polymerization scheme is the slurry or particle form polymerization method. This method is dis- 
closed, for example, in U.S. Patent 3,248,179. 

20 The substantially nxxiomodal, high molecular weight-high density ethylene polymer resins produced using the 
chromium catalyst compositions disclosed herein can be made into films that have competitive film properties and 
good processability. These resins will have a high load melt index from 1 to 20 (preferably 5 to 15) grams per ten 
minutes, when measured in accordance with ASTM D-1238 65T. Additionally, these resins will have a density from 
0.94 to 0.97 (preferably 0.945 to 0.955) grams per cubic centimeter, when measured in accordance with ASTM D- 

2S 1505-85. 

EXAMPLE 

This example is provided to further assist a person skilled in the art with understanding this invention. This example 
30 is intended to be illustrative of the invention and is not meant to be construed as limiting the scope of the invention. 

Part One 

The following chromium catalyst composition was used to copolymerize ethylene and 1 -hexene: 

35 

(1 ) A chromium catalyst system that had a high pore volume silica-titania (2.5 weight percent titan ia) support was 
purchased from the W.R Grace Corporation. It had a surface area of about 550 square meters per gram and a 
pore volume of about 2.5 cubic centimeters per gram. It also had a chromium content of about 1 weight percent 
based on the weight of the chromium catalyst system; and 
-40_ (2) A chromium catalyst system that had a low pore volume silica-titania (£3 weight percent titan ia) support was- 
purchased from the W.R Grace Corporation. It had a surface area of about 360 square meters per gram and a 
pore volume of about 1 .1 cubic centimeters per gram. It also had a chromium content of about 1 . 1 weight percent 
based on the weight of the chromium catalyst system. 

45 These two catalyst systems were then mixed together and activated by subjecting them to air at 650 degrees 
Celsius. 

The ccpofymerization was conducted in an 87 liter, 1 5.2 centimeter pipe loop reactor. The copolymer was recovered 
in a flash chamber and a Vulcan dryer was used to dry the cqpolymer. 

Ethylene that had been dried over alumina was used as the polymerization monomer 1 -hexene that had been 
so dried over alumina was used as the comonomer. Isobutane that had been degassed by fractionation and dried over 
eJumina was used as the diluent The copolymerization was conducted at about 100 degrees Celsius and lasted for 
about one hour. 

..The ethylene-1 -hexene copolymer produced was then evaluated as a film resin. The film blowing conditions were 

as follows: 

ss 

1. a die gap of 0.889 mm (0.035 inches); 

2. a four to one blow up ratio; 

3. a 35.6 cm (fourteen inch) frost line height; 
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4. a screw speed of 75 revolutions per minute; and 
5: an extruder temperature of 220 degrees Celsius. 

The resin was blown into a 2.54-10* m (one mil) film (except when it was down gauged) and compared to other 
s film resins. The results are presented below. 
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As can been seen from table one, inventive resin C processed extremely well. The bubble was stable at high line 
speeds as well. Furthermore, when the film was downgauged to a 1.2710*m (0.5 mil) thickness the fine speed was 
0.63 m/s (124 ft/min.) with no significant instabilities. Also, the out put rate was higher than the industry standards by 
about 0.63 g/h (5 Ibs/hr) which is a fairly significant difference on in this particular extrusion process. 

Part Two: 

Several more sample lots oftne invenfaeresin were made acSwcTingtothe procedure in part one. These sample 
lots and an industry standard sample were then made into film on the same extrusion line. They were processed under 
different conditions in order to find the range of film properties each sample possessed The results are presented 
below in table two. 



TABLE 2 





Inventive Samples Several Lots 


Industry Standard Sample 


Total Energy Dart Drop ASTMD-4272 




0.8-1.8 

; ' 


1.3-2.9 


Elemendorf Tear (g) 
ASTMD-1922 


MD 
TD 


18-29 
90-250 


17-28 
95-400 


Tensile at Yield (MPa (psi)) ASTMD-882 


MD 


30.71 (4450) 


30.71 (4450) 




TD 


29.33(4250) 


28.29(4100) 


Elastic Mod. (MPa (psi)) ASTMD^882 


MD 


0.90(131) 


0.94(136) 




TD 


1.13(164) 


1.16(168) 



As can be seen from the above results the properties of the monomodai inventive resins are competitive with the 
multicomponent industry standard resin. 



Claims 

1. A chromium catalyst composition comprising at least one member each of chromium catalyst systems (a) and 
being defined as follows: 

(a) a chromium catalyst system comprising chromium and a support, wherein the amount of said chromium 
is from 0.5 to 1 weight percent based on the total weight erf said catalyst system, and said support comprises 
silica and titania, has a pore volume from 2 to 3 ml/g and a surface area from 400 to 600 m^g, and 

(b) a chromium catalyst system comprising chromium and a support, wherein the amount of said chromium 
is from 1 to 1 .5 weight percent based on the total weight of said catalyst system, and said support comprises 
silica and titania, has a pore volume from 0.7 to 1 .4 ml/g and a surface area from 300 to 400 m*/g wherein in 
said supports of (a) and (b) the amount of titania is each from 2 to 10 weight percent and the amount of silica 
is each from 80 to 98 weight percent, each based on the total weight of the support. 

2. The composition of claim 1, wherein said supped in (b) has a pore volume from 0.8 to 1.2 ml/fe. 

3. The composition of claim 1 or 2, consisting of (a) and (b). 

4. A process comprising polymerizing ethylene or copolymerizing ethylene and at least one comonomer, wherein 
said comonomer is an olefin having from 3 to 20 carbon atoms, with a chromium catalyst composition as defined 
in any of claims 1 -3. 
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Patentanspruche 

1. Chromkatafysatofzusarrunensetzung, die mindestens jeweils efn Mrtgtied dor chromkatalysatorsysteme (a) und 
(b) gemaB der nachstehenden Definition umfaBt 

(a) ein Chromkatalysatorsystem, das Chrom und einen Trager umfaBt, wobei die Menge an Chrom 0,5 bis 1 
Gewr%,. bezogen auf d^jGesamtgewicbt des^Katalysatorsystems, betragt und wobei der trager Silfciumdi- 
oxid und Trtandioxid umfaBt, ein Porenvotumen von 2 bis 3 ml/g und eine Oberflache von 400 bis 600 rrftg 
aufweist; und 

(b) ein Chromkatalysatorsystem, das Chrom und elnen Trager umfaBt, wobei die Menge an Chrom 1 bis 1 ,5 
Gew.-%, bezogen auf das Gesamtgewicht des Katalysatorsystems, betragt und wobei der Trager Siliciumdi- 
oxid und Titandioxid umfaBt und ein Porenvoiumen von 0,7 bis 1,4 ml/g und eine Oberflache von 300 bis 400 
rrftg aufweist, wobei in den Tragem von (a) und (b) die Menge an Titandioxid jeweils 2 bis 1 0 Gew.-% betragt 
und die Menge an Silictumdioxid jeweils 80 bis 98 Gew-% betragt, jeweils bezogen auf das Gesamtgewicht 
desTragers. 

2. Zusammensetzung nach Anspruch 1 , wobei der Trager in (b) ein Porenvoiumen von 0,8 bis 1 ,2 ml/g aufweist 

3. Zusammensetzung nach Anspruch Voder 2, die aus (a) und (b) besteht 

20 

4. Verfahreh, das die Polymerisatton von Ethylen Oder die Copolymerisation yon Ethyten und mindestens einern 
Comonomeren umfaBt, wobei das Comonomere ein Olefin mrt 3 bis 20 Kohlenstoffatomen ist, und zwar rrlit einer 
Chromkatalysatorzusammensetzung gemaB der Definition in einem der AnsprOche 1 bis 3. 

25 

Rovendicatfons 

1 . Une composition de catalyseur de chrome comprenant au moins un 6le ment de chacun des systemes de catafyseur 
de chrome (a) et (b) ctefinis ctapres : 

30 

(a) Un systeme de catalyseur de chrome comprenant du chrome et un support ou la quantity dudit chrome 
est de 0,5 k 1 % en poids calculee sur le poids total dudit systeme de catalyseur et tedit support comprend 
de la silice et de Poxyde de titane, a un volume de pores de 2 a 3 ml/g et une dtendue de surface de 400 a 
600 m?/g» et 

35 (b) Un 6ysteme de catalyseur de chrome comprenant du chrome et un support ou la quantity dudit chrome 

est de 1 k 1 ,5 % en poids calculee sur le poids total dudit systeme de catalyseur et ledit support comprend 
de la silice et de Poxyde de titane, a un volume de pores de 0,7 & 1,4 ml/g et une Vendue de surface de 300 
a.400 m2/g, 

40 bit dans lesdits supports de (a) et (b). la quantity d'oxyde de titane est pour chacun de 2 & 10 % en poids et la 

quantity de silice est pour chacun de 80 & 98 % en poids, chacune calculee sur le poids total du support 

2. La composition salon la revendication 1 , dans laqueile ledit support dans (b) a un volume de pores de 0,8 & 1 J2 mVg. 

45 3. La composition selon la revendication 1 ou 2 se cornposant de (a) et de (b). 

4. Un procectt comprenant la polymerisation cf Ethylene ou la copolymerisation cf&hylene et cfau moins un comono- 
mere, dans lequel ledit comonomere est une oieTme ayant de 3 & 20 atomes de carbone avec une composition 
de catalyseur de chrome, comma dSfini dans Pune quelconque des revendications 1 & 3. 

so 
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